ABSTRACT. Ten thousand or more cranes migrate from Siberia and stay at the Izumi Plains, in the northern part of Kagoshima prefecture, Japan, every winter season. Four hundred and twenty samples of cranes feces were obtained 1995 to 1997 and investigated for Salmonella. As a result, twenty-nine of Salmonella strains were isolated. All isolates were determined to be identical, Salmonella Typhimurium (O4:i:1,2), since all of them indicated the same patterns of plasmid profiling and antibiotic sensitive spectrums. The isolates showed a high pathogenicity to chicken, and most of them were isolated in the latter half of the winter season; therefore the cranes were infected with the isolates during the winter season.
The Izumi Plain is located in the northern part of Kagoshima prefecture, Japan. It is quite famous as a place where many flocks of migrating cranes pass the winter. They stay there from the middle of October to February of the following year. The flocks of the cranes include Gus monacha (Hooded Crane), G. vipio (White-naped Crane), G. grus (Common Crane), G. leucogeranus (Siberian White Crane), Anthropoides virgo (Demoiselle Crane), and G.canadensis (Sandhill Crane), and vast majority of species are G. monacha and G.vipio. On the 10th January, 2000, 11,618 of cranes were numbered. For a wildlife reservation, private rice fields have been leased every winter season and the cranes have crowded for feeding into narrow areas. Living in dense populations makes it easy to transmit infectious agents. Therefore, the cranes have a high risk of serious infection, if pathogenic agents invade the flocks.
The Izumi Plains is also well known as a region for poultry production. There are many large-scale farms of broilers and layers. Wild migratory birds are thought to play a significant role in transmitting infectious agents like influenza viruses. Therefore there is a good reason to investigate whether or not wild migrating cranes have any infectious agents which could be causes of serious infection to chickens or other livestocks. Several studies about crane herpes virus in a zoo have been reported so far [3, 4] . However no studies have been performed on the pathogenic agents of wild migrating cranes.
To investigate enteropathogenic bacteria especially Salmonella in migrating cranes, 420 stool samples collected from cranes wintering at Izumi Plains were examined. The reason why Salmonella was selected as a parameter in this examination was based on results of pre-research, from which it was found that there were many kinds of bacteria in the samples, and Salmonella was considered to be the most pathogenic among them. In the three winter seasons from 1995 to 1997, a total of 420 fresh stool samples of wild migrating cranes were collected in Izumi Plains. They were collected in the early morning, just after being dropped, packed in sterile tubes, and kept in a ice box with ice until to our laboratory, where they were stored at -80°C until examination. For the isolation of Salmonella, 0.1 g of sample was mixed with 0.9 ml of phosphate buffered saline (PBS). Aliquots of 0.5 ml were incubated at 43°C for two days in 5.0 ml of Hajna Tetrathionate broth (Eiken, Eiken Chemical Co., Ltd.) for the selective enrichment of Salmonella. After inoculation onto Lambac agar plate, the plates were incubated at 37°C for one day. The next day, red colonies on the plates were picked up and subcultured for biochemical examination, using TSI Agar (Eiken), Lysine broth (Eiken), Simmons citrate agar (Eiken), and SIM Medium (Eiken).
Bacteria showing typical reactions were tested for agglutination activity using O polyvalent serum (Seiken, Denka Seiken Co., Ltd). The serotypes of Salmonella isolated was determined by using anti-O and anti-H sera (Difco), according to the manual for the reagent. The twenty-nine strains of Salmonella isolated are presented in Table 1 . Most of them were isolated during the latter half of the winter season, and all isolates showed the same antigenicity of O and H antigens which were 4 and i:1,2. Therefore, the serotype of the Salmonella isolated was determined as Salmonella Typhimurium.
The plasmid profiling was carried out by Sekizaki's modified method [2] . The plasmid DNA extracted from the isolates and a size marker were electrophoresed in 0.7% agarose gel and visualized on an UV trans-illuminator after Fig. 1 . The Salmonella Typhimurium isolates were tested for antibiotic sensitivity on Mueller-Hinton agar (Eiken) followed by the disk method (Showa disk, Showa Yakuhin Kako Co., Ltd.). The antibiotics used were ampicillin, benzylpenicillin, cefalexin, chloramphenicol, enrofloxacin, erythromycin, gentamicin, kanamycin, lincomycin, orbifloxacin, oxytetracyclin, and streptomycin. The results of antibiotic sensitive spectrums showed the same sensitive pattern. The isolates were resistant to erythromycin and lincomycin. Two-day-old chickens were used for investigating the pathogenicity of the isolates. The chickens were inoculated orally with 10-fold concentrations of the isolates from 1 × 10 4 to 1 × 10 8 , except 1 × 10 5 per chicken in group of three chickens. One noninoculated chicken was put in each cage as the chickens inoculated with 1 × 10 4 Salmonella, for determining the spread of the Salmonella to other susceptible chickens. The chickens were observed every morning and evening for clinical signs until their death. After the death, their feces and blood were collected and the isolation of the Salmonella from them were attempted. All chickens inoculated with isolates died 1.5 to 5.0 days post infection ( Table 2 ). The non-inoculated chicken in the same cages also dead within 6 days post cohabitation. Salmonella was isolated from feces and blood samples of both inoculated and non-inoculated chickens.
The 29 strains of Salmonella Typhimurium isolated in this study were determined to be identical by the results of the drug sensitive spectrum and plasmid profiling. Most of them were isolated from sample obtained in the latter half of the winter season, in January and February, and these results suggest that the cranes were infected with Salmonella during their stay at the Izumi Plains. The Salmonella isolated showed high pathogenicity to two-day-old chickens. Furthermore, Salmonella was also isolated from the livers of two young cranes which died at the Izumi Plains [1] . This evidence indicates that Salmonella can be a cause of death in young cranes. Salmonella may have pathogenicity against infant cranes as well as chickens. If these bacteria persist in the cranes until their breeding season, serious infection will be induced in their reproduction places.
To protect the wild migrating cranes from starvation and also to protect crops from the cranes, grains and fish meat etc. were fed to them in private rice field leased at the Izumi Plains. The food is scattered over the open fields and other wild life animals and birds besides the cranes also gather to get food freely. The Salmonella Typhimurium isolated would have originated from them, especially rats or field mice. Another isolate, one strain of influenza virus (A/ Crane/Izumi/96 (H6N2)), was isolated from a stool sample of a crane, but it was not confirmed whether this virus originated among the crane or not. Because some kinds of Anas (wild duck), that are known to be carrier of influenza viruses, also come and eat the food among the flocks of crane, it may be possible that this isolated influenza virus was contaminated by feces of the wild duck. Whatever the causes, the living style of wild animal at the Izumi Plains has the potential risk for epidemics of infectious diseases. They crowd in a narrow area in a big flock consisting of many species of animals and birds, therefore it is not surprising that cranes are contaminated by pathogenic agents from the other animals or birds. It should be especially noted that 80% of G. monacha from all over the world stay at the Izumi Plains to pass the winter season. If some serious infectious agents invade these crane colonies, this species will face a danger of extinction. Further examination of infectious agents in the environment of the cranes is necessary. 
